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ABSTRACT: 

PURPOSE: To increase local specific resistance in order to 
accelerate generation of Joule's heat and facilitate blowing of 
fuse by allowing a fuse in the double structure of poly-silicon 
and metal silicide to have the constitution that only the metal 
silicide is removed by etching at a part in the longitudinal 
direction. 

CONSTITUTION: A MISFETQ is formed within the active region which 
is surrounded by a field oxide film 2 formed at the principal 
surface of a semiconductor substrate 1 such as silicon and a fuse 
3 is formed on the field oxide film 2. The fuse 3 is formed 
simultaneously with a gate electrode 7 in the double structure of 
a polycrystalline silicon 5 and a metal silicide, and is 
constituted as the specified flat and rectangular form. Only the 
metal silicide 6 at the upper layer is removed by etching from an 
intermediate part 16 in the longitudinal direction of the fuse 3. 
The both ends of fuse 3 are connected with an aluminum wiring 
layers 17, 18 and further connected to an element circuit 
(redundancy circuit) . The gate electrode 7 can be integrated with 
high integration density and can be used for high speed operation 
owing to a low specific resistance of the metal silicide 6. 
Meanwhile, the fuse 3 melts at a part of intermediate region 16. 
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Claims 

L A semiconductor device, characterized by the fact that in a semiconductor device 
equipped with a redundant circuit and a fuse connected to it, the above-mentioned fuse has a 
double structure of a polycrystalline silicon and a metal silicide; and the above-mentioned metal 
silicide is removed in a cut-off state at a part in the longitudinal direction of the fuse. 

2. The semiconductor device of Claim 1, characterized by the fact that the metal silicide 
is composed of a metal with a high melting point such as molybdenum. 

3. The semiconductor device of Claim 1 or 2, characterized by the fact that the fuse is 
simultaneously constituted with a gate electrode with a double structure. 
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Detailed explanation of the invention 
Technical field 

The present invention pertains to a semiconductor device equipped with a fuse. In 
particular, the present invention pertains to a semiconductor device that can switch a redundant 
circuit by cutting off the fuse. 

Background of the technology 

In general, in semiconductor devices such as ICs and LSIs, their high densification and 
high speed have increasingly accelerated recently, and circuit patterns have been miniaturized. 
However, along with the miniaturization of patterns, defects are easily generated by foreign 
matter in manufacturing processes. For this reason, in a semiconductor device for a memory, a 
relief circuit (pit), that is, a redundant circuit is formed in advance on the same semiconductor 
substrate, and a fuse is simultaneously formed. A defective circuit is switched to the redundant 
circuit by appropriately setting the fuse to a cut-off state or a connected state, so that the 
semiconductor device is improved, thereby improving the manufacturing yield. 

On the other hand, this kind of fuse is usually composed of a polycrystalline silicon 
simultaneously formed with a gate electrode of a MIS type field-effect transistor (MISFET); 
however when the gate electrode has a double structure of a polycrystalline silicon and a metal 
silicide, it cannot be used as is in the fuse. In other words, if polycrystalline silicon is used in the 
gate electrode, since the resistivity of the polycrystalline silicon is relatively large, a difficulty is 
caused in the high integration and the high speed. For this reason, the gate electrode is 
constituted by a double structure of a polycrystalline silicide and a metal silicide composed of a 
metal with a high melting point, and using the low resistivity of the metal silicide, a high 
integration and a high speed are realized. Therefore, a fuse simultaneously formed with the gate 
electrode has a double structure of a polycrystalline silicon and a metal silicide, so that the 
resistivity of the fuse itself is also lowered by the low resistivity characteristic of the metal 
silicide. 

For this reason, usually, an overcurrent is sent to the fuse, and the fuse is cut off (fused) 
by Joule heat generated by the resistance of the fuse at that time. However, the fuse has a double 
structure and the resistivity is lowered, so the Joule heat is also difficult to generate, so that the 
fuse cannot be readily cut off. Also, even if the fuse can be cut off, a very large supply of current 
is required, and peripheral circuits for the purpose must be of large scale, and the withstand 
voltage must be raised. 
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Objective of the invention 

The objective of the present invention is to provide a semiconductor device in which a 
fuse can be easily cut off even in a semiconductor device where a gate electrode has a double 
structure of a polycrystalline silicon and a metal silicide and peripheral devices can be of small 
scale and lightened by being able to cut off the fuse with a small current. 

Also, another objective of the present invention is to provide a semiconductor device in 
which the cutting-off portion of a fuse can be set at an optional position in the longitudinal 
direction of the fuse and the cutting-off can be completed in a short time. 

The above-mentioned and other objectives and new characteristics of the present 
invention will be clarified from the description of this specification and the attached figures. 

Outline of the invention 

The outline of a representative invention presented in this application will be briefly 
explained as follows. 

In other words, with a constitution in which only the metal silicide of a fuse with a double 
structure of a polycrystalline silicon and a metal silicide is removed at a part in the longitudinal 
direction by etching, the resistivity of the part in which the metal silicide is removed is locally 
increased, so that the generation of Joule heat is accelerated in said part, thereby achieving an 
easiness of the above-mentioned fuse cut-off, miniaturization of peripheral devices, and 
lightness. 

Application example 

Figure 1 shows an application example in which the present invention is applied to a 
MISFET. A MISFET Q is constituted in an active region enclosed by a field oxide film 2 formed 
on the principal plane of a semiconductor substrate 1 such as silicon, and a fuse 3 is constituted 
on the above-mentioned field oxide film 2. 

In other words, the above-mentioned MISFET Q has a gate electrode 7 with a double 
structure of a polycrystalline silicon 5 and a metal silicide 6 of a metal with a high melting point 
such as molybdenum (Mo) on a gate oxide film 4 and also has a source region 8 and a drain 
region 9 on the principal plane of the semiconductor substrate 1. The above-mentioned gate 
electrode is covered with a phosphorus silicate glass (PSG) film 10, and the source region 8 and 
the drain region 9 are respectively connected to aluminum wiring layers 13 and 14 through 
contact holes 11 and 12. 15 is a final passivation. 

On the other hand, the above-mentioned fuse 3 is simultaneously formed with the 
above-mentioned gate electrode 7, has a double structure of the polycrystalline silicon 5 and the 
metal silicide 6, and is constituted in a prescribed strip-shaped planar shape. Only the metal 
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silicide 6 of the upper layer of the fuse 3 is removed at an intermediate part 16 in the longitudinal 
direction by etching. Then, aluminum wiring layers 17 and 18 are connected to both ends of the 
fuse 3 and connected to an element circuit (redundant circuit) which is not shown in the figure. 
Also, the PSG film 10 as an interlayer insulating film and the final passivation 15 expose the 
polycrystalline silicon 5 by opening the part corresponding to the intermediate part 16 of the 
above-mentioned fuse 3. 

Next, the manufacturing process of the semiconductor device with the above constitution 
is explained by Figure 2. 

First, as shown in Figure 2(A), the field oxide film 2 and the gate oxide film 4 are formed 
on the principal plane of the semiconductor substrate 1 such as silicon by an ordinary method. 
Next, as shown in (B) of the figure, the polycrystalline silicon film 5 is formed by a CVD 
method, etc. Furthermore, a metal film 6A with a high melting point such as Mo is formed on 
this by sputtering method, etc. Then, if this is heated to about 600°C, the metal film 6A with a 
high melting point is constituted as the metal silicide 6, and a double structure of the 
polycrystalline silicon 5 and the metal silicide 6 is eventually formed. Then, if patterning is 
applied, as shown in (C) of the figure, the fuse 3 is formed on the field oxide film 2, and the gate 
electrode 7 is formed on the gate oxide film 4. 

Next, ion implantation regions, that is, the source region 8 and the drain region 9 are 
formed on the principal plane of the semiconductor substrate 1 by a self -alignment method using 
the gate electrode 7. As shown in (D) of the figure, a photoresist mask 19 is formed by an 
ordinary method, leaving the intermediate part 16 in the longitudinal direction of the 
above-mentioned fuse 3, and only the metal silicide 6 is of the intermediate part 16 is removed 
by a sputtering etching. Thus, the metal silicide 6 is cut off at the intermediate part 16, and a 
connected state by only the polycrystalline silicon 5 is formed. 

Next, as shown in (E) of the figure, the PSG film 10 as an interlayer insulating film is 
formed on the entire surface, contact holes 11, 12, 20, and 21 are formed, and the aluminum 
wiring layers 13, 14, 17 and 18 are formed, so that the metal silicide 6 of the fuse 3, source 
region 8, and drain region 9 are respectively connected to necessary element circuits. At that 
time, an opening 10a is also installed in the PSG film 10 corresponding to the intermediate part 
16 of the fuse 3, and the polycrystalline silicon 5 is exposed. In the formation of the 
above-mentioned holes and opening, a dry-etching method is effective. Next, as shown in (F) of 
the figure, the aluminum wiring layers 13 , 14, 17, and 18 are covered by forming the final 
passivation 15. Then, if an electrode pad part, which is not shown in the figure, and the 
intermediate part 16 of the above-mentioned fuse 3 are removed by etching, the electrode pad 
part is formed, and the polycrystalline silicon 5 of the intermediate part 16 of the fuse 3 is 
exposed, so that the semiconductor device shown in Figure 1 can be constituted. 



According to the above constitution, since the gate electrode 7 is constituted with a 
double structure of the polycrystalline silicon 5 and the metal silicide 6, high integration and high 
speed can be realized by the low resistivity of the metal silicide 6. On the other hand, since the 
fuse 3 can be simultaneously manufactured with the gate electrode 7, the metal silicide 6 of the 
intermediate part 16 is removed. Thus, in the fuse 3, the resistivity of the intermediate part has a 
value (30 Q/a) of the polycrystalline silicon and is much greater than a value (~ 4 Q/o) of the 
metal silicide. For this reason, when an overcurrent is circulated in the fuse 3, the generation of 
Joule heat in the intermediate part 16 is considerable, and the fuse is fused and cut off at the 
intermediate part 16. Therefore, the cut-off portion of the fuse can be set to the intermediate part, 
that is, the part from which the metal silicide is removed, and its control can be easily carried 
out. At the same time, since the current energy required for the fusion can be concentrated on 
said part, the amount of current can be reduced, so that peripheral circuits can be miniaturized 
and simplified. 

Effect 

(1) Since the fuse has a double structure of a polycrystalline silicon and a metal silicide, 
it can be simultaneously formed with the gate electrode of the semiconductor device for high 
integration and high speed, so that the manufacturing can be easy. 

(2) Since the metal silicide of a part in the longitudinal direction of the fuse is removed, 
the resistivity of the part from which the metal silicide is removed can be locally increased, and 
the cut-off portion of the fuse can be set at a local part, so that control of the position is easy. 

(3) Since the resistivity of a part of the fuse is locally increased and the generation of 
Joule heat can be concentrated on that part, the concentration of the current energy is utilized, 
and the current can be reduced, so that peripheral devices can be miniaturized and lightened. 

The present invention created by this inventor has been explained above in detail based 
on an application example; however needless to say, the present invention is not limited to the 
above-mentioned application example but can be variously modified in the range where its 
essence is not deviated. For example, in the connection of the fuse and other circuits, the metal 
silicide may be extended and used instead of using aluminum wiring layers. 

Application field 

In the above explanation, the case where the present invention created by this inventor is 
applied to a semiconductor device for a memory as a background application field, however 
without being limited to it, for example, the present invention can be applied to all 
semiconductor devices for a logic circuit equipped with a fuse. 



Brief description of the figures 

Figure 1 is a cross section showing a device of the present invention. 
Figures 2(A)-(F) are cross sections showing the manufacturing process. 

1 Semiconductor (silicon) substrate 

2 Field oxide film ' 

3 Fuse 

4 Gate oxide film 

5 Polycrystalline silicon 

6 Metal silicide 

7 Gate electrode 

8 Source region 

9 Drain region 

10 PSG film 

15 Final passivation 

16 Intermediate part 
Q MISFET 
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